Objective: despite the technologic advances in myocardial perfusion imaging, we keep using an uncomfortable and sometimes impracticable patient position -supine with arms raised above the head (U). The purpose of this study was to investigate whether perfusion and functional cardiac gated SPECT scan results of acquisition U are equivalent to another position modality: supine with arms down at the sides of the trunk (D).
IntroductIon
Myocardial perfusion imaging (MPI) with single photon emission computed tomography (SPECT) is part of routine clinical cardiology because of its value for the diagnosis and risk stratification of coronary artery disease (CAD). 1 The ability of MPI for predicting future cardiac events has been strongly demonstrated. 2, 3 The extent and severity of stress perfusion defects and the left ventricular ejection fraction are used to stratify the likelihood of future events and to help define which patients have a short-term benefit from revascularization. [4] [5] [6] SPECT images are affected by a variety of image degrading processes. Many technologic advances in equipment and in reconstruction algorithms have been made to increase image quality and to reduce the noise in the reconstructed SPECT images. [7] [8] [9] [10] However, since the introduction of cardiac SPECT imaging decades ago, to avoid increasing attenuation and minimize the distance between the thorax and the camera, the patient remains routinely positioned in supine position with the arms raised above the head. 11, 12 In clinical practice, this is a very uncomfortable and sometimes impracticable position. About 20 to 33 % of population present shoulder pain, and it is more common in women than man and increases with age. 13 Many patients referred to myocardial scintigraphy have post--stroke motor sequel with consequent great difficulties in arms up positioning. Despite advances in SPECT hardware and software, in patients with difficulty to remain static, motion artifacts are a potential cause of error. Prone imaging has been reported to produce less patient motion and less inferior wall attenuation than supine imaging, 14 but even in prone position, the arms are held above the head.
Just few studies [15] [16] [17] with no large series, analyzed the value of the MPI with SPECT acquired with the patient's arms positioned at their sides. The findings of these papers comparing myocardial perfusion results with the arms in up and down position are contradictory. Thus, no strong evidence is available about the impact of changes in resolution caused by the presence of the arm between the detector and the heart and if this position can be used in routine clinical practice.
Furthermore, no study compared the reproducibility of gated SPECT measurement of myocardial function between these positions.
Our objective was to evaluate whether the perfusion and function results of MPI with SPECT acquired with the patients' arms in down position are comparable to the results obtained with the patients' arms in up position.
methodS

Patient population
In this prospective study, which was approved by the local ethics committee, 120 patients (83 men and 37 women; mean age 59 ± 11 years; range 36 to 82 years) who were referred for myocardial perfusion imaging were enrolled. All patients have signed informed consent.
The patients underwent either physical stress testing or pharmacologic stress (dipyridamole, adenosine or dobutamine) testing, according to their physician request. At the end of the study, we checked for the occurrence of back or arm pain and asked for the most comfortable acquisition position.
The thoracic circumference was measured excluding the arms (arms in up position) and including the arms (arms in down position). Clinical characteristics of the patient population are given in Table 1 . All patients underwent same-day rest-stress technetium--99m labeled sestamibi (99mTc-sestamibi). SPECT myocardial perfusion scintigraphy and electrocardiographic--gated acquisition was performed only in stress imaging. In both parts (rest and stress), the first acquisition was done with the patients in supine position with the arms raised above the head (U) and immediately following the standard U position, the patient was placed in supine position with arms down at the sides of the trunk (D), as illustrated in Figure 1 . Paired studies were performed on commercially available SPECT systems: 37 Sophy camera-DST (GE Medical Systems), 38 on Cardio-MD (Adac-Phillips) and 45 on Forte (Adac-Phillips). The gamma cameras were equipped with low-energy, high-resolution, parallel-hole collimators. The data were acquired in 64 x 64 matrix for 64 projections over a 180-degree, non-circular orbit extending from 45° right anterior oblique to left posterior oblique. Each rest projection was acquired for 25 seconds and each stress gated-projection for 30 seconds, at 8 frames per R-R interval. The acquisition was repeated when patient motion occurred or if prominent activity adjacent to the heart was present. Attenuation correction, scatter correction and collimator response compensation were not applied.
All data were processed on the Pegasys 4.2 system (ADAC-Philips), Pegasys 5.0 system (ADAC-Philips) or Vision PowerStation system (GE Medical Systems) and transaxial tomograms were reconstructed by the use of iterative reconstruction method (OSEM) with an initial starting point obtained by filtered back-projection method. Vertical long-axis, horizontal long-axis, and short-axis tomograms were derived from transaxial images.
PerfuSIon and functIon analySIS
The interpretation of U and D images were based on short--axis and vertical long-axis tomograms divided into 17 segments, totalizing 2040 segments. Rest and stress segments of U and D were interpreted blindly by three experienced nuclear medicine physicians separately, using a 5-point scoring system (0, normal; 1, mildly abnormal; 2, moderate abnormal; 3, severe abnormal; and 4, absence of segmental uptake). In both studies (U and D), summed scores for stress (SSS) and for rest (SRS) were calculated by summing of respective segmental scores. The SSS and SRS values were converted to a percentage (%) of the total myocardium involved dividing the summed scores by 68, the maximum potential score (4 × 17), and multiplying by 100.
The degree of stress defects was defined as: normal or minimally abnormal if involving less than 5% of the 
General findings
The thoracic circumference with the arms in down position was about 20% greater than the circumference with the arms in up position (mean 120 ± 9.8 cm and 100 ± 9.2 cm, respectively).
Fifty-three patients (44%) choose arms up position as more comfortable and sixty-seven ones (56%) preferred arms down position. Left arm, shoulder or back pain symptoms were reported for 28 patients (23%) in U mode against six patients (5%) in D mode.
PerfuSIon fIndIngS
The comparison of the 2040 segments obtained from the 120 studies demonstrated significant differences in the scores of U and D, at rest scans (P = 0.001; Wilcoxon signed-ranks test) and at stress scans (P = 0,0001; Wilcoxon signed-ranks test).
According U mode findings, 80 patients were classified as normal and 40 patients as abnormal (SSS ranging from 4 to 30).
No significant differences were found between U and D in normal group, at stress (P = 0.82) and rest (P = 0.74) scans.
In abnormal group, good correlation was observed between U and D values of SSS (Rho = 0.95; P = 0.0001) and SRS (Rho = 0.96; P = 0.0001) (Figure 2) .
However, SSS and SRS values of the matched scans differed significantly (p = 0.0083 and p = 0.0249; respecmyocardium, mildly abnormal if involving 5 to 9%, moderately abnormal if involving 10 to 14% and severely abnormal if are greater than 15% of the myocardium area.
According to the degree of stress defects observed in U study, the patients were categorized in two subgroups: normal (SSS ≤ 3 or < 5%) and abnormal (SSS > 3 or ≥ 5%)
Left ventricular ejection fraction (LVEF), end-diastolic (EDV) and end-systolic volumes (ESV) were determined automatically by the use of QGS software (Cedars Sinai Medical Center, Los Angeles, Calif). We considered the lower normal limit of the EF 51% in women and 43% in men, the upper normal limit of EDV 102 mL for women and 149 mL for men and the upper normal limit of ESV 46 mL for women and 75 mL for men.
StatIStIcal analySIS
Data were expressed as mean, standard deviation (SD) Overall agreement for perfusion findings between U and D modes was calculated on a per-segment basis, SSS and SRS values. Correlation of SSS and SRS values between U and D measurements were evaluated with the Spearman (Rho) value. Comparisons of variables were made using Wilcoxon signed-ranks test.
Comparisons between volumes and LVEFs of measurements made by repeated U and D SPECT were evaluated with the paired t test.
A P value of <0.05 was considered to indicate statistical significance. 
functIon fIndIngS
Two patients had non-regular heart rhythm, so the studies could not be performed with ECG triggering.
Among 118 patients evaluated, no statistical differences were found between U and D SPECT images in terms of LVEF and ESV (P > .05), but EDV differed significantly (P = 0.0001). The results of LVEF, ESV and EDV obtained in U and D mode are shown in Table 2 .
In standard U position, 95 patients presented normal LVEF values and 23 patients presented abnormal values according to gender. Comparing U and D modes, just seven patients changed the values of LVEF from normal to abnormal or from abnormal to normal in the repeated acquisitions.
dIScuSSIon
Just few data are available about how much the arm position really affects myocardial perfusion images, [15] [16] [17] and this is the first study to analyze the influence of arm position in the left ventricular function evaluation.
As expected, the arms down position appears to be more comfortable and cause less pain.
However, in our study the comparison of perfusion results was not so favorable.
In normal patients, no differences were found, but in abnormal patients, the SSS and SRS values were not equivalents. In abnormal patients, using arms down position, the amount of perfusion abnormalities can be underestimated. The underestimation of the myocardial lesion may interfere with clinical evaluation and management, since the severity and extent of cardiac SPECT perfusion abnormalities are clinically used in prognostic assessment and therapeutic management of patients with suspected or known coronary artery disease.
Toma et al. 16 assessed the influence of arm positioning in MPI using 99mTc-sestamibi in 41 patients. These authors concluded that arm positioning does not influence the interpretation of MPI with regard to image quality or defect location and extent. Our present study demonstrates results which are not consistent to this previous study. However, in this previous study, more than half of the population was interpreted as normal in both positions. In our study, also no significant differences were found in normal patients. The perfusion differences were observed exactly in the abnormal patients group. More comparable with our study findings, although using 201-tallium as tracer, prior investigation 17 has reported that mean segmental relative uptake values for arms up position studies were higher than for arms down position studies across the majority of the myocardium, especially in anterolateral region. Another research, 15 reported in abstract form, concluded that only the inferior wall of the heart was unaffected by left arm position. All of these studies evaluated small populations and none of them analyzed normal and abnormal groups distinctly.
SPECT images are affected by a variety of image degrading processes such as tissue attenuation. Superimposition of left arm over the lateral part of the heart may result in areas of relatively decreased activity in MPI. It might be one of the factors to explain the differences found, but certainly it's not the unique. If left arm attenuation were a main factor, it was expected that differences were noticed as much in normal as in abnormal groups. Furthermore, arm attenuation probably would cause an overestimation of the defects, not an underestimation as observed in our results. The resolution of a gamma camera is depth-dependent, so increase in source-to-detector distance may result in variation of spatial resolution and loss of fine details in SPECT images. In our population, the thoracic circumference with the arms in down position was about 20 % greater than the circumference with the arms in up position. So increased source-to-detector distance in arms down acquisition, may explain the differences observed between arms down and up scan results, especially in abnormal patients where fine details are important in the interpretation of the images.
In our study, we performed a non-circular orbit, which has the advantage of minimizing the distance between the patient and the camera throughout the scan. However, due to increased variation of source-to-detector distance, resulting in variation of spatial resolution, some artifacts may be observed.
The acquisition projections that are tangential to a particular segment of the left ventricular wall are of primary importance in defining the shape and count distribution in that segment of the reconstructed slice. Abufadel et al. 18 demonstrated that there was a significant loss of counts at the apex relative to other regions of the left ventricle. It results in more blurring in the projection of the apex and became larger as the orbit became more and more elliptic.
Physiological process may be evolved too. Hemodynamic variations occur during postural changes. Compared to supine imaging, the prone position is associated with a change in the location of the heart in the chest. Pump et al. 19 analyzing the effects of horizontal posture in cardiovascular variables demonstrated that prone position decreases stroke volume and increases sympathetic nervous activity, heart rate and total peripheral vascular resistance. Mckeough et al. 20 observed that arm positioning above the head places the chest wall in an inflated position. Therefore, arm position alters lung volumes, so probably the heart position in the chest also is altered.
With regard to measurement of myocardial function, great degree of reproducibility between ejection fractions and end-systolic volume were observed in two positions.
The functional evaluation seems to be less affected by the arm position.
In our study, sequential acquisitions (arms up and arms down) were performed. Therefore variation in the time course of actual change in volumes and ejection fraction was minimized. However, left ventricular end-diastolic volume differed significantly, maybe related to physiological modifications.
lImItatIonS
The supine position with arms above the head is routinely used for SPECT imaging; therefore it was considered the standard position. The comparison was not based on coronary angiography or other imaging modalities results. However, the aim of the study was not to define the accuracy of the procedures. The present study examines the repeatability of myocardial perfusion imagines in different arm positions.
Attenuation correction, scatter correction and collimator response compensation were not applied. These recent innovations in hardware and software have provided the capabilities for improved spatial resolution and contrast, and it's not established how much the use of these innovations could improve arms down scan diagnostic performance. 21, 22 concluSIon Arms down position seem to be more comfortable and cause less pain than arms up position.
MPI SPECT acquired with the patients' arms in down position presented perfusion findings comparable with the results of patients' arms in up position, just in normal patients.
In abnormal scans perfusion abnormalities may be underestimated.
The functional evaluation seems to be less affected by the arm position. Great degree of reproducibility between ejection fractions and end-systolic volume were observed in two positions. Significant differences were found in end-diastolic volume measurement.
Therefore, considering the important therapeutic and prognostic implications of an accurate perfusion measurement, the cardiac SPECT acquisition with the arms in down position should be avoided.
reSumo
Influência da posição dos braços na aquisição da cintilografia do miocárdio.
Objetivo: no estudo de perfusão miocárdica, apesar dos avanços tecnológicos, continuamos utilizando o desconfortável e às vezes impraticável posicionamento em decú-bito dorsal com braços acima da cabeça (U). O objetivo do estudo foi investigar se os resultados da perfusão e da função cardíacas obtidos com a aquisição U são equivalentes ao de outra modalidade de posição: com braços para baixo nas laterais do tronco (D). Métodos e resultados: adquirida a aquisição U, na sequên-cia foi realizada a aquisição D em 120 pacientes (pts) em um único dia (repouso e estresse sincronizado ao ECG), com 99mTc-sestamibi (370 MBq e 1110 MBq). As imagens foram processadas usando reconstrução iterativa (OSEM). Cada estudo foi quantificado usando o modelo de 17-segmentos ao repouso (R) e ao estresse (S). Os parâmetros funcionais (fração de ejeção do ventrículo esquerdo e volumes) foram obtidas automaticamente pelo programa gated SPECT quantitativa (QGS). De acordo com a dimensão da alteração perfusional no estresse na aquisição U, os pacientes foram classificados em dois subgrupos: 80 pts normais (SSS ≤ 3 ou < 5%) e 40 pts anormais (SSS > 3 ou ≥ 5%). Dor no ombro e/ou nas costas ocorreu em 23,3% dos pacientes de U e em 5% de D. Não houve diferenças significativas entre U e D quanto ao SSS (p = 0,82) e SRS (p = 0,74) no grupo normal. No grupo anormal, boa correlação foi encontrada entre U e D para SSS (Rho = 0,95, p = 0,0001) e SRS (Rho = 0,96 p = 0,0001), entretanto a média dos valores de SSS (12,53 ± 7,54) e SRS (10,60 ± 7,08 ) de D foram significativamente menores (p < 0,05) que o SSS (13,43 ± 6,81) e SRS (11,33 ± 6,97) de U. As medidas de função apresentaram boas correlações, exceto para o volume diastólico final (p = 0,0001). Conclusão: embora o modo D pareça ser mais confortá-vel e apresente boa correlação com valores de SSS e SRS do modo U, em pacientes anormais, a extensão e a gravidade dos defeitos podem ser subestimadas. Considerando as implicações clínicas da precisa avaliação da extensão de alterações na perfusão miocárdica, a aquisição com os braços para baixo deve ser evitada.
Unitermos: artefatos, interpretação de imagem assistida por computador, compostos radiofarmacêuticos/uso diagnóstico, tecnécio Tc 99m sestamibi/uso diagnóstico, tomografia computadorizada de emissão de fóton úni-co/métodos. referenceS
